Abstract. ACNC system is the major part of numerical control Machining Tools, so its reliability is of great important. The failure of CNC system is rare and affected by many factors. In order to estimate the reliability indices more actually, Petri Nets(PN), in stead of FAT, are used to get all the minimal sets effectively and the lambda-Tau method for repairable systems is used too. Furthermore fuzzy sets are applied in calculating the results and a fuzzy evaluating model is set in this paper.
Introduction
A numerical control machining tools is the basic equipment for advanced manufacturing technologies, such as computerized integrated manufacturing, flexible manufacturing systems and so on. The computer numerical control (CNC) system plays a major actor in it. If we want to estimate its reliability indices more accurately by conventional approach only, a large mount of data is required. However, it is usually impossible to obtain such a large quantity of databases. Sometimes these databases are collected in different conditions and affected by different factors. In order to give some solution to these problems, this paper will use a novel approach, which is base on previous reliability, statistical methodology and fuzzy sets to estimate its three reliability indices.
Petri Net model of CNC system
The Petri Net theory is a graphical method using some basic symbols for describing relations between conditions and events. PN have two types of nodes named place P and transition T. Arcs A connect these nodes, i.e., arcs connects transitions to places or places to transitions. The basic symbols are defined as follows:
：Place, drown as a circle ：Transition, drawn as a bar ：Arc, drawn as an arrow Fig.1 illustrates the logic transitions of PN.
A. and change B. or change Fig.1 PN model logic change In the PN model of the CNC system,there are three layers: the top place, the middle place, the basic place. The top place is called "abnormal work",the middle place (M) ,such as "failure of software（M01）", "temperature over high(M02) ",… .and the basic place (B), such as "power interference（B01）", "circuit break(B02) ",…. Following the principle of PN, we can get the PN This method is effective under following conditions: 1. Events are independent, that is, the basic events of the model are not repeated . 2. The basic event failure rates, λ, are very small (preferable≤10-3h-1); 3. The product of τ and λ is very small(preferable≤0.1); 4. The negative exponential distribution must be applied in the quantitative analysis and failures occur independently.
In this evaluation, all the restrictions are all right. Fuzzy extension of failure rate and repair time.
From the data collected, the failure rate and repair time of the basic event can be gained( shown in table 2.
We extend these data to triangular fuzzy numbers because under some weak assumptions, these specific membership functions immediately comply with the relevant optimization criteria. 
. The α -cut defines the interval of confidence for the triangular number can be written as
, The four operations are given below: Table 2 The failure rates and repair time of event happened Name and Code The calculation of AND-transition.
In the Petri nets model of this CNC system, there are six AND-transitions. For example, using α =0,0.1,0.2…1.0, we calculate the and-transition for events "B02"and "B05". its calculation result is tabulated in table 3. Table 3 The AND-transition result of B02 and B05 The calculation of OR-transition. In order to elaborate the calculation, we can get the triplet of top place using such equation: The complete computer solution is tabulated in table 4. The fuzzy numbers (failure rate and repair time) are shown in Fig.2 and Fig.3 . Table 4 The failure rates and repair time of CNC system α Failure rates Repair time 
Reliability indices.
In many engineering applications of fuzzy set theory, the fuzzy result should be converted to crisp value, which is called defuzzification. A method named "center of area (COA)"can be selected for this defuzzification. The equation of COA is:
The result of defuzzification are: 
Conclusion
Traditional FTA techniques are tedious for CNC system. Moreover they can only provide an approximate result in same case. To improve the efficiency of the analysis, a novel approach based on PN and fuzzy sets for determining the reliability indices of CNC system is proposed in this paper. The use of PN to perform the CNC system's reliability modeling is a reliable and efficient approach. It is very simply to obtain all the minimal cut sets. The relation between events is more clearly than FTA. Furthermore, the use of fuzzy τ λ − methodology can estimate the reliability indices more accurately with fewer failure data. Finally we obtain three parameters: MTBF, MTTR and Ai. Based on these accurate values, for the purpose of increasing MTBF and reducing MTTR, the CNC system's reliability can be improved step by step.
